Determination of the roles of active sites in F1-ATPase by controlled affinity labeling.
The affinity reagents 3'-O-(5-fluoro-2,4-dinitrophenyl) [alpha-32P]ATP (FDNP-[alpha-32P]ATP) and 3'-O-(5-fluoro-2,4-dinitrophenyl) [8-14C]ATP (FDNP-[14C]ATP) were synthesized and used to characterize the structure and function of the three active sites in F1-ATPase. FDNP-[alpha-32P]ATP was found to bind covalently to F1 up to two DNP-[alpha-32P]ATP labels per F1 in the absence of Mg2+ without decreasing the ATPase activity. However, when MgCl2 was subsequently added to the reaction mixture, the enzyme could be further labeled with concomitant decrease in ATPase activity that is consistent with the complete inactivation of one enzyme molecule by an affinity label at the third ATP-binding site. Partial hydrolysis of the FDNP-[14C]ATP-labeled enzyme and sequencing of the isolated peptide indicated that the affinity label was attached to Lys-beta 301 at all three active sites. Samples of F1 with covalent affinity label on Lys-beta 301 were also used to reconstitute F1-deficient submitochondrial particles. The reconstituted particles were assayed for ATPase and oxidative phosphorylation activities. These results show that the catalytic hydrolysis of ATP either by F1 in solution or by F0F1 complex attached to inner mitochondrial membrane takes place essentially at only one active site, but is promoted by the binding of ATP at the other two active sites, and that ATP synthesis during oxidative phosphorylation takes place at all three active sites [corrected].